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Abstract. This paper presents a use case about knowledge represen-
tation and integration of data from different domains in food science.
An ontology named PO2DG, the Process and Observation Ontology for
the production of Dairy Gels, has been designed in order to provide a
shared vocabulary for domain experts. The available data have been se-
mantically structured using PO2DG and are stored in an RDF repository
named PO2DG dataset. This use case identifies some of the challenges
when dealing with a multi domain representation problem, gives some
hints about possible solutions and suggests some further work.
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1 Introduction
One of the most significant current discussions in food production is how to
formulate food products with high nutritional and sensory values and low en-
vironmental impact. This supposes being able to build a decision support tool
combining data and knowledge from different domains in food science (e.g. nu-
trition, sensory and perception, eco-design, microbiology, biochemistry, process
engineering) with data and knowledge in environmental analysis.
The aim of the ongoing NutriSensAl project involving experts from INRA,
the French National Institute for Agricultural Research, is to propose a proof
of concept for a decision support tool allowing the formulation of well-balanced
products in terms of nutritional requirements (e.g. less fat, sugar and salt) with
acceptable sensory qualities for the consumer while using eco-friendly produc-
tion processes. While a lot of data have been collected in different collaborative
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research projects, a major problem is the lack of cross domain studies fully com-
bining nutritional and sensory properties with eco-design processes.
The knowledge representation task of the NutriSensAl project focuses on the
production process of French hard cheeses, while studying consumer sensory per-
ception. In order to address data and knowledge integration, a relevant solution
is the use of an ontology. Therefore, PO2DG, the Process and Observation Ontol-
ogy for the production of Dairy Gels, has been designed in order to provide a
shared vocabulary for the different domain experts involved in the project. The
ontology has been developed using Scenario 6 of the NeON methodology [1],
i.e. reusing, merging and re-engineering ontological resources. PO2DG was imple-
mented in OWL 2, is available on AgroPortal and some of its concepts are aligned
with concepts from foundational ontologies or concepts from available ontologies
on the LOD (Linked Open Data) cloud [2]. An RDF repository PO2DG dataset
stores the available data of the NutriSensAl project. The definition of a common
vocabulary and the use of Semantic Web technologies should facilitate access to
other similar data in order to reuse and integrate them in the future NutriSensAl
decision support tool.
The paper is organized as follows. In Section 2 the context of the NutriSensAl
project and the available data are presented. Section 3 gives details about the
data and knowledge representation task. In Section 4 we give some comments
about our experience during this project, and, finally, we conclude in Section 5
and present our further work.
2 NutriSensAl Project
The NutriSensAl project involves experts from INRA, and its goal is to propose
a proof of concept for a decision support tool allowing the formulation of well-
balanced products in terms of nutritional requirements with acceptable sensory
qualities for the consumer while using eco-friendly production processes.
Available data are mainly research data, collected during projects studying
real or model cheeses and focussing on specific parameters. Those projects in-
volved domain experts from different domains in food science (see [3] for details):
1. the production process of French hard cheeses. Different parameters were
measured during the production steps, e.g. the composition of the milk (i.e.
lipid, protein, lactose and water content) or the pH of the product during
each step.
2. the sensory perception during in-mouth food breakdown. The main attributes
for texture are Springiness, Firmness, Granularity, Hardness and Moisture,
while the attributes for taste are Taste intensity, Salty, Sour and Sweet.
3. the rheological properties of cheeses, e.g. The Young modulus.
4. the life cycle assessment for the production of stabilized micro-organisms.
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3 Data and Knowledge Representation Task
Each domain presented in the previous section has its specific concepts and
terms, and the domain experts from these different domains need to share the
same vocabulary in order to integrate available data of the NutriSensAl project.
Therefore an ontology named PO2DG has been developed using Scenario 6 of
the NeON methodology [1], i.e. reusing, merging and re-engineering ontological
resources. It extends PO2 [4], a core ontology for process and observation, which
reuses BFO [5], IAO [6], OM [7], and naRyQ ontology [8]. PO2DG reuses concepts
from GACS [9], AgroVoc [10] and NALT [11].
The core ontology PO2 and the domain ontology PO2DG are both implemented
in OWL 2 [12]. The core ontology PO2 contains 90 classes, 122 properties and 15
individuals. The PO2DG ontology contains 3475 classes, 122 properties and 6760
individuals.
Both ontologies are available on the the AgroPortal repository, http://
agroportal.lirmm.fr/ontologies/PO2 and http://agroportal.lirmm.fr/
ontologies/PO2_DG, and both are under the licence Creative Commons At-
tribution International 4.0 International (CC BY 4.0) [13].
A tool, PO2 VocabularyManager, was developed in order to help build PO2DG
by first performing a syntactic search in a set of existing resources, then by as-
sisting the user in the concept creation task. This new tool reduces the time
necessary for building the domain ontology and allows a more efficient contribu-
tion of the domain experts in this phase of building the domain ontology.
Available data concerning the ongoing NutriSensAl project is now under
the process of integration into the PO2DG dataset RDF repository available on
http://sonorus.agroparistech.fr:7200/.
The following steps were needed for data integration:
1. the knowledge engineer defined a set of EXCEL files structured according to
the PO2DG ontology;
2. the domain experts were trained how to fill in these EXCEL files and a
guideline was written for the domain experts;
3. a script was written by the computer scientists in order to lift data from
EXCEL files into the RDF database.
Our experience shows that the second step is very difficult, error-prone and
time-consuming because of the complexity of the data. A second tool, PO2 DataMa-
nager, is under development and will be available soon. It will assist the domain
experts in integrating data in a more user-friendly way.
Fourteen projects are now stored in the PO2DG dataset repository with 358
processes belonging to four distinct process types. 180 cheese samples are stored
in PO2DG dataset.
4 Discussion
In [3] five competency questions concerning the NutriSensAl project are pre-
sented along with the corresponding SPARQL queries. Trying to answer cross-
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domain questions shows that there was not enough data. When trying to es-
timate missing data using the available one, very important domain questions
arise: i) what method can be used for the estimation? ii) what available data
should be used?, and iii) what are ‘similar’ data?. Domain experts need to find
their answers to these questions and knowledge engineers can help.
The question what are ‘similar’ data? is also very challenging in computer sci-
ence and is investigated more and more in the context of linked data [14, 15]. The
need to define ‘similar’ products and ‘similar’ processes in NutriSensAl project
inspired in [16] the definition of a contextual identity link and an algorithm for its
detection in a knowledge base. Preliminary results on the PO2DG dataset show
how to use the contextual identity link in order to predict missing observation
measures.
5 Conclusion
This paper presents the data representation task of the NutriSensAl project
consisting of the design of a domain ontology and the integration of available
data into an RDF repository using Web Semantic technologies. The preliminary
results illustrate how this semantic approach can be useful to estimate missing
data. Further work is to integrate more data into the PO2DG dataset repository
and one of the next tasks is to explore how industrial data could be integrated
and if open data available on the LOD could be reused.
Another issue we would like to explore is to evaluate the FAIRness [17] of
the domain ontology and of the data stored in the RDF repository.
The data and knowledge representation and integration task of the NutriSen-
sAl project represents the first step and the backbone of the decision support tool
to be designed and implemented handling multi-criteria indicators. The aim of
the NutriSensAl project is to better understand and control the food production
process in order to formulate well-balanced products with a low environmental
impact.
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